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Abstract-The characteristics of a pulsed, methyl fluoride laser utiliz - S --- MM LASER
ing a novel, double-ended unstable resonator are described. The des(,J
incorporates an intracavity, double-faced scraper mirror to produce (p- iMi2 _
atate input/output ports for CO2 pump laser excitation and subm Wi-.
meter laser output. Experimental results show that this configuration f f
achieves state-of-the-art conversion efficiency and diffraction-limited "

beam quality. do

1. INTRODUCTION ,x..

A N unstable resonator, methyl fluoride laser pumped by a Mzd a
l-mutimode CO2 TEA laser is described. This design for PUMPINPUTa submillimeter (SMM) laser features an intracavity, double- PM NUfaced scraper mirror, which produces a double-ended optical Fig. 1. Schematic diagram of the double-ended unstable resonator, il-

lustrating the spherical and collimated-wave mode dimensions and de-
configuration. Fig. 1 depicts the arrangement of the optical fining the design parameters. The center of curvature for the spherical-
components and illustrates the design parameters. The system wave output mode is coincident with the focal point of the convex n
essentially forms a positive-branch, confocal, unstable resona- mirrorf 2. i!
tor. If the scraper mirror were placed at the convex mirror po- s
sition, at a= 1, only single-ended, collimated-wave output value of a. Chodzko et al. II] utilized this feature for coupling t
would result as in a conventional system. Conversely, if a = 0, an unstable resonator to an external, annular gain medium, n
only spherical-wave output would be emitted. Intermediate For our application, the collimated-wave mode is used in- v

• placement of the scraper mirror produces varying amounts of stead as a separate input port for an annular CO2 laser pump
C both collimated and spherical-wave output, depending on the beam, and the spherical-wave mode is used to derive separate

SMM output from the internal molecular laser medium. The a
Manuscript received Janu ry 25, 1979. CO2 pump beam enters the resonator as a collimated-wave, c

LI The authors are with the'ight Vision and Electro-Optics Laboratory, but propagating in the "backward" direction. It is demagni- c
._._. Laser Division, Fort Monmouth, NJ 07703. fled in transverse dimension with each resonator round trip, d
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thus producing radially symmetric excitation of the internal 10 SPHERICAL - WAVE

volume. dt -- COLLIMATED-WAVE

If. RESONATOR DESCRIPTION M*.79 - .

There are a number of practical advantages to this concept. \
Separate input and output ports for the CO 2 pump beam and
the SMM radiation allow the use of easily obtainable window 0.5

materials which need only be transmissive at the separate
wavelengths. Resonator mirrors are totally reflecting and thus .75

can be of simple metal construction. Most importantly, since 2.75

both the collimated and spherical-wave modes share a common 3.79 . -. -"- --

internal volume, the resonator simultaneously presents an effi- 0 .
cient cavity system for both excitation and SMM oscillation. M
Because of the radially expanding nature of unstable resonator Fig. 2. Spherical and collimated-wave geometric output coupling "ys
modes, this advantage is maintained for arbitrary transverse di- and "c as a function ofMI, for various values of M.

mension, making the system easily volume scalable.
Useful SMM radiation is derived from the spherical-wave out- put port, and 2 mm thick polyethylene was used for the SMM

put, while collimated SMM output is typically lost through ab- output port window.
sorption in the input window material. Fortunately, this loss Ill. ExPERIMENTAL PROCEDURE

can easily be minimized to an acceptable level by prudent
choice of the design parameters. Because of the internal Lineup was accomplished with an unexpanded He-Ne laser

scraper mirror position governed by the parameter ct, the beam reflected into the resonator, toward the concave mirror,

double-ended unstable resonator is characterized not only by from the edge of the scraper mirror aperture. With proper end

the optical magnification M, but also by the spherical and mirror orientation, the reflected beam is walked into the reso-

collimated-wave magnification factors, MI and M2 , respec- nator axis and emerges as a close analog to the laser mode.

tively. Their relationship can be derived through purely geo- The mirrors are adjusted until the He-Ne radiation is emitted
metric considerations: in a uniformly illuminated annulus from both the spherical

and collimated-wave output ports.
M = IfA/ f2 1 (I) An aluminum coated collection mirror was used to focus the

MI =M- ca(M- 1) (2) spherical-wave lineup beam radiation to an image plane that
was found to correspond to the image distance for a point
source object located at the virtual center of the spherical

where f, and f2 are the focal lengths of the concave and con- wave, i.e., at the focal point of the convex mirror. The annu-
vex mirrors, respectively. The resonator length is given by the lar beam from a Lumonics Model 103-2 unstable resonator

confocal condition L = f, + f2. CO 2 TEA laser was made colinear with the He-Ne lineup beam,
The geometric output coupling fraction for the spherical so as to correspond to the collimated-wave mode.

wave is The CO 2 laser was tuned to the (9)P20 line, and pump en-
ergy entering the resonator in the collimated-wave mode was

1- /) (4) measured to be 1.14 J. A pyroelectric detector, with protec-

and for the collimated wave tive quartz filter, was located at the collecting mirror image
plane to measure SMM radiation. A maximum value of 288 pJ

7e = (1 - ')(I - I1M2). (5) was measured for an optimum gas pressure of 7-8 torr. This

Note that -, + -y, = (I - 1/M2 ), which is the geometric out- value is substantially higher than the 1-2 torr optimum pres-
put coupling fraction for any confocal unstable resonator of sures that have been reported for other methyl fluoride lasers

magnification M. That is, the total geometric output coupling [21, [3]. Fig. 3 illustrates the variation of SMM laser output

is only a function of the factor M. Fig. 2 shows -, and ye, ver- versus methyl fluoride gas pressure. Apparently, because of

sus MI, for various values of M. Note that by choosing a rela- the comparatively small excited volume within our system, net

tively large value of spherical-wave magnification M1, the colli, gain was maximized for an increased molecular density despite

mated SMM output loss can be reduced to tolerably small the attendant increase of rotational-level relaxation losses [31.
values. Although no spectral measurements were made, it is presumed

Using available optics, our resonator was constructed from that the SMM radiation consisted solely of the 0A96 mm tran-
50 mm diameter gold-coated metal mirrors, with f, = 53 cm sition at operating pressures greater than 5 torr [41 .
and .4 = -14 cm, giving M = 3.79 and a cavity length of L = 39 Fig. 4 is an oscillogram of the SMM output pulse, made with

cm. The scraper mirror had an aperture diameter do = 1.91 a pyroelectric detector and oscilloscope of 10 ns combined

cm and was positioned to give a = 0.397. These component risetime. The actual pulse is therefore somewhat shorter than
dimensions fixed the resonator parameter values asM, = 2.68, the 35 ns FWHM duration measured, corresponding to a peak

M = .41, and the output coupling fractions -, =0.86 and power greater than 8.2 kW. It is interesting to note that the

= 0.069. An NaCI window was used for the CO 2 laser in- SMM pulse shape is approximately Gaussian and smooth, with
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mension and phase-front curvature, focused by the collecting
/ \ mirror [51. This comparison shows that the SMM spot size/,.was three times larger Ihan that calculated for the correspond-

ing Gaussian.
Consequently, we deduce that the annular SMM spherical-

/. wave output could, in principle, be collimated to within three
/ ,times the far-field divergence angle of a corresponding Gauss-

ft ian beam. Based on this comparison, we further estimate that
the SMM ' er beam quality was diffraction limited, to at least
within tl limits of accuracy of our measurements, since this 0' A
factor closiy corresponds to the diffraction-limited divergence b.

0 4 a 2 IS 20 of an equally proportioned, plane-wave illuminated annulus [61. 5

PRESSURE (TORR)

Fig. 3. Relative SMM laser output versus methyl fluoride gas pressure. IV. DISCUSSION ANt) CONCLUSIONS

We have described the design and operational characteristics
- -1of an unstable resonator SMM laser configuration whose con- d

version efficiency equals state-of-the-art SMM oscillators and-emits radiation in a spherical-wave with diffraction-limited tl
beam quality. It has the desirable properties of separate input
and output ports, relatively compact configuration, and the re- 0
quirement of only relatively simple optical components for its i,construction,.f

llLimited by materials on hand, our resonator had a relatively a
high value M = 3.79. Together with the st raper mirror, whosc slI~ l l lE E Ehb~ q l.. aperture reasonably matched the pump beam annular dimen-
sions, the resulting excited molecular volume was estimated to

Fig. 4. Oscillogram of the SMM laser pulse, time scale of 10 ns/div. be less than 50 cm3 . From the standpoint of both increasing
tpumped volume and decreasing diffraction losses of the laser

no apparent spiking due to relaxation oscillation or mode beat- mode, a more optimum configuration would have greater
ing. The slow modulation of the low amplitude tail is believed transverse dimension and smaller M.
to be due to electrical noise. The SMM output pulse was The SMM laser beam can be easily collimated, or focused,
found to coincide with the main 50 ns FWHM pulse of the since it appears to have a simple spherical phase front, with
CO2 pump laser. It is estimated that this main pulse, alone re- virtual center at the focal point of the convex resonator mirror. v
sponsible for effective SMM laser excitation, contains roughly Calculations made with a modified form of the Gaussian beam,
20 percent of the total measured pump energy. Using these ray-transfer matrix analysis technique [71, showed that the
figures, the calculated energy conversion efficiency is 0.13 per- double-ended resonator had the same properties of spatial dis-
cent, approximately within an order of magnitude of the crimination and length error tolerance as conventional positive-
Manley-Rowe limit, branch confocal systems.
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